Cooperative assembly of the bovine papilloma virus E1 and E2 proteins on the replication origin requires an intact E2 binding site.
Using quantitative gel retardation assays the properties of the bovine papilloma virus (BPV) origin recognition protein E1 and the effect of the viral E2 protein on the binding of E1 to BPV origin DNA were examined. As reported previously (Seo, Y.S., Mueller, F., Lusky, M., Gibbs, E., Kim, H.-Y., Phillips, B. and J. Hurwitz (1993) Proc. Natl. Acad. Sci. U. S. A. 90, 2865-2869), the E1 protein binds specifically to DNA sequences within the BPV origin (ori+) of replication. We also show that the presence of MgCl2 and ATP could stabilize the E1 ori+ DNA complex. At low levels of E1, ori+ DNA binding was greatly stimulated by the viral E2 protein when the intact E2 binding site 12 was present on the DNA. In addition DNA-protein complexes formed in the presence of both E1 and E2 were more stable than those formed with E1 alone. In the absence of an E2 binding site the E2 protein inhibited the binding of E1 to the BPV origin. Spacing of 0 or 9 base pairs between the E1 binding site and the E2 binding site 12 abolished the stimulation of E1-DNA binding by E2, whereas spacing of 6 base pairs between the two binding sites allowed for efficient stimulation. The data presented account for a direct role of E2 in BPV DNA replication. We propose that the cooperative binding of both the E1 and E2 proteins to BPV ori+ DNA is mediated by protein-protein interactions and by protein-DNA interactions, which include the formation of specific contacts of E2 with DNA.